The MIT Faculty has made this article openly available. Please share how this access benefits you. Your story matters. ABSTRACT: A two-stage "tandem strategy" for the regiocontrolled synthesis of very highly substituted quinolines is described. Benzannulation based on the reaction of cyclobutenones or diazo ketones with Npropargyl-substituted ynamides proceeds via a cascade of several pericyclic reactions to generate multiply substituted aniline derivatives. In the second stage of the tandem strategy, triflate derivatives of the phenolic benzannulation products undergo Larock cyclization upon exposure to iodine to form products that are further elaborated by methods such as palladium-catalyzed coupling to generate quinolines that can be substituted at every position of the bicyclic system.
INTRODUCTION
The introduction of the Woodward-Hoffmann rules 1 fifty years ago provided chemists for the first time with a unified framework for understanding the disparate processes that have come to be known as pericyclic reactions. 2 This new theoretical model played a key role in enabling the extensive application of pericyclic reactions in the chemical synthesis of complex molecules. Cascades of pericyclic reactions 3 afford a particularly effective strategy for the rapid assembly of complex organic compounds, and the design and invention of new synthetic methods based on pericyclic cascade processes has been a particular goal of research in our laboratory. Cascades involving cycloadditions, electrocyclic reactions, and sigmatropic rearrangements based on vinyl-and dienylketenes have been one focus of our research in this area, 4, 5 and herein we describe the application of a pericyclic cascade process in a strategy for the regiocontrolled synthesis of very highly substituted quinolines.
The quinoline ring system is found in the structure of numerous natural products, pharmaceutical agents, advanced materials, and commercially significant compounds. 6 The importance of quinolines as synthetic targets has stimulated the development of numerous useful methods, 7 most of which involve the cyclization or annulation of aniline derivatives with formation of the nitrogen heterocyclic ring. 8 While these methods are generally effective for the synthesis of quinolines bearing mulitple substituents on the heterocyclic ring, the synthesis of quinolines that bear a high level of substitution on the benzenoid ring remains a formidable challenge.
9

RESULTS AND DISCUSSION
The challenges associated with the efficient preparation of highly substituted quinolines derive in many cases from the difficulties associated with the regiocontrolled synthesis of the requisite polysubstituted aniline precursors. Convergent benzannulation strategies 10 provide an exceptionally attractive approach for the regiocontrolled construction of multiply substituted benzenoid aromatic systems. Our laboratory has developed two complementary benzannulation strategies 5, 11, 12 based on the reaction of alkynes and vinylketenes, 13 and recently we have extended this chemistry to include ynamides as benzannulation partners in tandem benzannulation/cyclization strategies leading to several classes of polycyclic carbocyclic and heterocyclic compounds.
14 For the synthesis of highly substituted quinolines, we envisioned the two-stage "tandem" strategy outlined in Scheme 1 which would begin with benzannulation employing N-propargyl ynamides of general type 3. In the second stage of the tandem strategy, exposure of the N-propargyl aniline benzannulation products (4) to a suitable electrophilic reagent ("X + ") such as molecular iodine would afford dihydroquinolines that would be easily oxidized to quinolines. As a bonus, trifluoromethylsulfonylation of the phenolic hydroxyl group could provide a useful handle for the further elaboration of the quinoline products at C-7 by employing well-established transition-metal catalyzed coupling reactions.
Scheme 1. Tandem Benzannulation-Electrophilic Cyclization Strategy for the Synthesis of Quinolines
Operationally the vinylketene-based benzannulation outlined in Scheme 1 involves a single synthetic step, but mechanistically it proceeds via a "cascade" involving up to four discrete pericyclic transformations. In the original version of the benzannulation, thermolysis or irradiation of a cyclobutenone serves as the triggering step for the cascade, effecting reversible four-electron electrocyclic ring opening to produce the transient vinylketene intermediate 6. This vinylketene is immediately intercepted by the ynamide reaction partner in a regioselective [2 + 2] electron electrocyclic ring opening to generate the dienylketene 8, which rapidly cyclizes via 6-π electrocyclic ring closure to furnish the desired N-propargyl aniline benzannulation product 4 following tautomerization. In an alternate "second-generation" version of the strategy, photochemical Wolff rearrangement of α-diazo ketones of type 2 serves as the triggering step for the benzannulation, generating vinylketene intermediates 6 which then participate in the same cascade of pericyclic reactions involved in the cyclobutenone version.
At the outset of our investigation we recognized that in order for the strategy outlined in Scheme 1 to be successful, it would be necessary that the vinylketene [2 + 2] cycloaddition proceed chemoselectively at the more electron-rich ynamide triple bond in 3 in the presence of the propargylic alkyne and any other unsaturated moieties in the reaction substrates. Efficient benzannulation would also require that the N-propargyl ynamide be stable under the thermal and photochemical reaction conditions, and not be diverted by competing processes such as [3, 3] -sigmatropic rearrangement. 15, 16 Finally, success would also depend on the rate of 6-π electrocyclic ring closure of 8 being faster than alternative reactions such as intramolecular [2 + 2] cycloaddition of the ketene with the pendant alkyne.
Synthesis of Benzannulation Reaction Partners.
The synthesis of the benzannulation partners employed in our investigation was conveniently accomplished using previously developed methods. Cyclobutenones are available in 1-2 steps via ketene-alkyne cycloadditions, 17 and the α,β-unsaturated diazo ketones that serve as vinylketene precursors were prepared by employing the detrifluoroacetylative diazo transfer protocol previously developed in our laboratory. 18 For the synthesis of ynamides, 19 we employed the closely related copper-promoted N-alkynylation methods pioneered in our laboratory 20 and the laboratory of Hsung. 21 Both methods involve the reaction of amine derivatives with alkynyl bromides, which are themselves readily obtained from terminal alkynes (or silyl alkynes) by reaction with NBS in the presence of catalytic silver nitrate. 22 Table 1 summarizes the synthesis of N-propargyl ynamides 14, 15, and 16 from propargyl carbamates 9-11. In the case of these N-propargyl ynamides, we found that slightly better yields were obtained by employing the Hsung protocol. Cyclobutenone-Based Quinoline Synthesis. The feasibility of employing N-propargyl ynamides in the cyclobutenone version of the benzannulation was examined by using readily available 3-butylcyclobutenone (17) 17 as the vinylketene precursor. As expected from our previous studies with Nallyl ynamides, 14a,b the optimal conditions for benzannulation with N-propargyl ynamide 14 was found to involve a staged heating protocol as outlined in Scheme 2. This procedure minimizes [3, 3] -sigmatropic rearrangement of the 1,5-diyne moiety which occurs at temperatures above ca. 125 °C. In our optimized benzannulation protocol, initial thermolysis was performed at 80 °C until all of the ynamide was consumed. This led to a mixture of the desired benzannulation product and intermediate 7 in Scheme 1) . Further heating at 110 °C then converted the remaining vinylcyclobutenone to the desired phenol product. As predicted, ketene [2 + 2] chemoselectively at the electron-rich ynamide π bond, and no products resulting from competitive reaction at the other triple bond were detected.
Scheme 2. Feasibility of the Tandem Benzannulation/Iodocyclization Strategy
The next stage of our proposed tandem strategy called for electrophilic cyclization of the Npropargyl aniline benzannulation products to generate the nitrogen heterocyclic ring. After considering several alternatives, we decided to focus our attention on the excellent iodocyclization protocol introduced by Larock. 25, 26 Attractive features of this method include its mild reaction conditions and the fact that the products incorporate a carbon-iodine bond at C-3, providing opportunities for further synthetic elaboration of the quinolines by metalation and transition-metal catalyzed coupling reactions. The corresponding bromocyclization processes were not examined since Larock has reported that such reactions proceed in significantly lower yield as compared to the analogous iodocyclizations. In the event, attempted cyclization of phenolic benzannulation products such as 18 resulted in the formation of significant amounts of diiodide byproducts produced by iodination of the desired 7-hydroxyquinolines at the position ortho to the hydroxyl group. Fortunately, we found that this side 
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reaction could be suppressed by conversion of the phenol to its triflate derivative prior to iodocyclization.
This was a particularly attractive solution since the C-7 triflate would provide an additional handle for the synthetic elaboration of the quinoline products.
Trifluoromethylsulfonylation of 18 proceeded smoothly under standard conditions as shown in Scheme 2, and we found that cleavage of the Boc group could be achieved in the same flask simply by adding excess CF 3 CO 2 H to the reaction mixture and stirring at 0 °C to rt for 1 h. Exposure of 19 to the action of iodine in acetonitrile in the presence of NaHCO 3 then led directly to the desired quinoline 20 in excellent overall yield from benzannulation product 18. As suggested by Larock, excess I 2 presumably effects dehydrogenation of the dihydroquinoline initially generated in the cyclization. It should be noted that we found that the optimal conditions for conversion of 19 to quinoline 20 require the use of twice the amount of iodine and NaHCO 3 employed by Larock in his studies.
Diazo Ketone-Based Quinoline Synthesis. The photo-Wolff rearrangement of α,β-unsaturated α-diazo ketones provides an alternative means of generating the key vinylketene intermediates involved in the pericyclic cascade mechanism of our benzannulation strategy. This "second generation" version of the benzannulation provides expeditious access to certain highly substituted aromatic systems that are not readily available by using the cyclobutenone-based method.
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As shown in Table 2 , N-propargyl ynamides participate in this variant of the benzannulation furnishing very highly substituted N-propargyl anilines such as 23-25 in good yield. In the optimal protocol, irradiation of a solution of ynamide and excess diazo ketone is carried out in dichloromethane to produce a mixture of the desired phenol and varying amounts of the intermediate vinylcyclobutenone (i.e., intermediate 7 in Scheme 1). Brief heating of the crude product at reflux in toluene then serves to complete the transformation of any vinylcyclobutenone present to the desired phenol. Conversion of the benzannulation products to quinolines 26-28 was then accomplished in two steps using the procedure previously developed for N-propargyl aniline 18. As illustrated with these examples, the tandem benzannulation/cyclization strategy has the capability to furnish densely substituted quinolines including compounds with alkenyl substituents and quinolines bearing substituents at every position of the bicyclic system. SiO trifluoromethylsulfonylation, and double iodocyclization then provided the expected bis-quinoline in good overall yield.
Scheme 3. Synthesis of Bis-quinoline 32
In summary, the examples presented in Table 2 and Schemes 2 and 3 establish that N-propargyl ynamides participate in both versions of the benzannulation without complications due to the competing pericyclic processes discussed earlier, and without interference due to the presence of other unsaturated moieties in the substrates. These results suggest that benzannulations involving N-propargyl ynamides should proceed smoothly with the wide range of other cyclobutenones and vinylketenes that have been demonstrated to function as vinylketene precursors in our benzannulation. 5, 11, 14 Br Br N Ph t-BuO Synthetic Elaboration of Quinoline Products. As noted above, the quinolines produced in the tandem benzannulation/iodocyclization strategy all incorporate iodo and trifluoromethylsulfonyloxy substituents at the C-7 and C-3 positions of the bicyclic system. It was evident that the synthetic utility of this methodology would be significantly enhanced if site-selective replacement of these substituents with a wide range of carbon moieties could be achieved.
Knochel has reported procedures for the generation of a variety of magnesiated heterocycles under mild conditions by iodine-magnesium exchange 27 and this chemistry appeared to be ideally suited for the chemoselective elaboration of our quinoline products at the C-3 position. In fact, as illustrated in Scheme 4, exposure of 3-iodoquinoline 20 to i-PrMgBr under Knochel's conditions generates a Grignard derivative that can be allylated after transmetallation to copper to afford quinoline 33 in good yield.
Scheme 4. Allylation of Iodoquinoline 20 via Iodine-Magnesium Exchange
The fact that oxidative addition of palladium generally takes place more rapidly with aryl and heteroaryl iodides as compared to triflates suggested to us that it might be possible to achieve sequential site-selective cross-coupling reactions of our benzannulation/iodocyclization products. 28, 29 The examples shown in Scheme 5 confirmed the feasibility of this approach. Suzuki coupling proceeded selectively at the carbon-iodine bond in 20 as expected, and reaction of the product with phenylacetylene under standard Sonogashira alkynylation conditions furnished quinoline 34 in good overall yield. In a similar fashion, site-selective Sonogashira coupling of 27 took place smoothly to provide a quinoline triflate that was then reacted with methyl vinyl ketone under standard Heck reaction conditions to afford the highly functionalized quinoline 35. 
Scheme 5. Synthetic Elaboration of Quinolines via Palladium-Catalyzed Coupling
Synthesis of Quinolines Unsubstituted at C-3. We next turned our attention to the preparation of quinolines lacking a substituent at C-3. Two alternative strategies were developed.
Deiodination of 26 could be effected by reduction with tributyltin hydride, but better results were obtained as shown in Scheme 6 by using catalytic Pd(OAc) 2 in the presence of Et 3 N and HCO 2 H. 30, 31 It should be noted that a more direct route to the same quinoline (36) 9, 128.5, 128.3, 122.8, 84.6, 83.6, 82.6, 73.7, 70.4, 40.0, 31.5, 29.1, 28.6, 28.2, 22.7, 18.7, 14 2 mmol, 1.1 equiv) in 0.5 mL of toluene was added via cannula over 1 min (0.5 mL of toluene rinse). The septum was replaced with a cold-finger condenser fitted with an argon inlet adapter and the heterogeneous mixture was stirred at 85-90 °C for 24 h. 4, 82.8, 81.0, 74.2, 73.8, 70.5, 40.1, 31.9, 29.4, 28.9, 28.5, 23.1, 19.0, 14.6, 4. (38) . 34, 35 A 50-mL pear flask equipped with a rubber septum and argon inlet needle was charged with tert-butyl carbamate (0.703 g, 6.0 mmol, 1.0 equiv), sodium p-toluensulfinate dihydrate (1.29 g, 6.0 mmol, 1.0 equiv), acetaldehyde (0.37 mL, 6.6 mmol, 1.1 equiv), formic acid (1.6 mL, 42.4 mmol, 7.0 equiv), 0.7 mL methanol, and 6 mL H 2 O. The septum was replaced with a cold-finger condenser fitted with an argon inlet and the heterogeneous reaction mixture was stirred at 70 °C for 1h. The condenser was replaced with a cap and the reaction was cooled at 4 °C for 5 h. The resulting crystals were collected by filtration, washed with 30 mL of cold water, and then transferred to a 25-mL recovery flask and dried overnight at 0. 1, 133.7, 129.9, 129.6, 80.9, 66.9, 28.1, 21.8, 13.2; 
N-(tert-Butoxycarbonyl)-1-tosyleth-1-ylamine
N-(tert-Butoxycarbonyl)-5-methylhex-5-en-3-yn-2-ylamine (11).
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A 50-mL, threenecked, round-bottomed flask equipped with an argon inlet adapter, two rubber septa, and a thermocouple probe was charged with isopropenylacetylene (0.23 mL, 0.16 g, 2.4 mmol, 2.0 equiv) and 10 mL of THF.
The reaction mixture was cooled to -20 °C and n-BuLi solution (2.6 M in hexanes, 0.95 mL, 2.5mmol, 2.1 equiv) was added dropwise over 5 min. 8, 126.6, 122.1, 89.0, 83.6, 79.9, 39.1, 28.6, 23.7, The reaction mixture was stirred at 85 °C for 46 h, allowed to cool to rt, and diluted with 5 mL of EtOAc.
The mixture was filtered through a ca. 7, 126.5, 122.2, 86.7, 85.1, 82.7, 72.0, 68.9, 62.6, 42.3, 28.2, 26.1, 23.6, 23.2, 20.4, 18.5, -5 5, 140.8, 131.8, 128.4, 128.2, 125.3, 120.0, 115.1, 85.7, 84.1, 81.2, 41.8, 33.4, 32.0, 30.2, 29.6, 28.5, 22.6 
5-Butyl-2-hexyl-3-(3-phenylprop-2-ynylamino)phenyl trifluoromethanesulfonate (19).
A 25-mL pear flask equipped with a rubber septum and argon inlet needle was charged with phenol 18 (0.487 g, 1.1 mmol, 1.0 equiv), 4-DMAP (0.206 g, 1.7 mmol, 1.6 equiv), and 5 mL of CH 2 Cl 2 . The yellow solution was cooled to 0 °C and triflic anhydride (0.25 mL, 1.5 mmol, 1.4 equiv) was added dropwise by syringe over ca. 3 min. The reaction mixture was allowed to warm to rt and stirred for 2 h.
The resulting yellow slurry of white solid was cooled to 0 °C and trifluoroacetic acid ( 
5-Butyl-8-hexyl-3-iodo-4-phenylquinolin-7-yl trifluoromethanesulfonate (20)
.
2-Hexyl-3-(N-tert-butoxycarbonyl-(3-phenylprop-2-yn-1-yl)amino)-5,6,7,8-tetrahydronaphthalen-1-ol (23).
A 20-cm quartz tube (7 mm The reaction mixture was transferred to a 25-mL pear flask with the aid of two 4-mL portions of CH 2 Cl 2 and concentrated to afford 0.507 g of an orange oil. This material was dissolved in 3.7 mL of toluene, the flask was equipped with a stir bar and cold-finger condenser, and the reaction mixture was heated at reflux for 2.5 h. The resulting mixture was concentrated to afford 0.515 g of a dark orange oil. Column chromatography on 52 g of silica gel (elution with 5% EtOAc-hexanes) provided 0.241 g of a yelloworange foam. This material was dissolved in ca. 10 mL of hot hexanes and then cooled at -20 ºC for 12 h.
The resulting crystals were collected by filtration, washed with 20 mL of cold hexane, and then transferred to a 25-mL pear flask and dried overnight at 0.1 mmHg to provide 0.158 g (58%) of carbamate 23 as an off-white solid: mp 124-126 ºC; IR (neat) 3428 (broad), 2929, 2858, 1685, 1490, 1436, 1394, 1367, 1307, 1246, 1162 3 , mixture of two rotamers) for the major rotamer: δ 155. 2, 152.5, 138.8, 136.3, 131.8, 128.4, 128.2, 124.2, 123.3, 123.0, 121.2, 86.1, 83.9, 80.8, 41.9, 40.8, 32.0, 30.2, 29.5, 29.4, 28.6, 26.3, 23.2, 22.9, 22.8, 14.3 ; additional resonances appeared for the minor rotamer at: δ 154. 8, 152.2, 138.2, 135.8, 131.7, 128.3, 123.7, 122.1, 121.0, 85.7, 83.4, 80.4, 31.9, 28.5, 23 8, 143.9, 137.9, 131.9, 128.6, 128.5, 122.9, 120.3, 119.1, 118.9 (q, J = 318 Hz), 112.1, 86.2, 83.7, 35.1, 31.7, 29.9, 29.6, 28.4, 25.4, 24.0, 22.4, 22.8, 22.7, 14.3; 4, 151.2, 147.0, 146.4, 145.9, 135.2, 133.4, 131.3, 129.4, 128.6, 128.5, 118.8 (q, J = 318 Hz), 102.4, 31.9, 31.6, 30.6, 29.9, 26.7, 25.8, 23.0, 22.8, 21.4, 14.3 ( 3, 138.3, 135.0, 124.1, 122.1, 121.4, 80.2, 79.6, 75.1, 40.5, 32.0, 30.2, 29.3, 28.5, 26.4, 22.9, 20.2, 14.3, 12.0, 3.9 ; additional resonances appeared for the minor rotamer at: δ 154. 8, 152.6, 138.4, 135.5, 124.6, 80.6, 79.1, 75.6, 41.3, 31.9, 3.7 NO 3 : C, 73.96; H, 9.44; N, 3.75. Found: C, 74.18; H, 9.50; N, 3. 70.
3-(N-tert-butoxycarbonyl(but-2-yn-1-yl)amino)-2-hexyl-5,6-dimethylphenol (24)
3-(But-2-yn-1-ylamino)-2-hexyl-5,6-dimethylphenyl trifluoromethanesulfonate (39).
A 25-mL pear flask equipped with a rubber septum and argon inlet needle was charged with phenol 24 (0.153 g, 0.41 mmol, 1.0 equiv), 4-DMAP (0.125 g, 1.0 mmol, 2.5 equiv), and 2.4 mL of CH 2 Cl 2 . The yellow solution was cooled to 0 °C and triflic anhydride (0.09 mL, 0.53 mmol, 1.3 equiv) was added dropwise by syringe over ca. 3 min. The reaction mixture was allowed to warm to rt and stirred for 1 h.
The resulting yellow slurry of white solid was cooled to 0 °C and trifluoroacetic acid (0.61 mL, 8.2 mmol, 20 equiv) was added dropwise over 5 min. The resulting golden orange solution was allowed to warm to rt and stirred for 40 min. The reaction mixture was then diluted with 10 mL of dichloromethane and washed with two 10-mL portions of satd aq K 2 CO 3 solution. The aqueous layer was extracted with two 10-mL portions of CH 2 Cl 2 , and the combined organic layers were washed with 30 mL of brine, dried over 8, 118.5, 113.0, 79.5, 76.0, 34.5, 31.7, 29.6, 28.2, 25.4, 22.8, 20.7, 14.2, 13.3, 3.6 406.1658; found: 406.1658.
8-Hexyl-3-iodo-4,5,6-trimethylquinolin-7-yl trifluoromethanesulfonate (27).
A 25-mL pear-shaped flask equipped with a rubber septum and argon inlet needle was charged with triflate 39 7, 147.0, 146.1, 145.8, 133.3, 132.9, 131.2, 130.3, 118.9 (q, J = 318 Hz), 102.6, 31.9, 31.5, 30.5, 29.8, 26.6, 22.8, 21.8, 15.3, 14.3; Anal. Calcd for C 19 H 23 F 3 INO 3 S: C, 43.11; H, 4.38; N, 2.65. Found: C, 43.32; H, 4.33 ; N, 2.68. Hydroxyethyl)-5,6-dimethyl-3-((5-methylhex-5-en-3-yn-2-yl) 3583, 3332, 2977, 2928, 2885, 1403, 1246, 1214, 1139, 913 cm -1 ; 1 H 3H), 1.56 (d, J = 6.5 Hz, 3H); 13 C NMR (125 MHz, CDCl 3 ) δ 147. 1, 145.2, 138.1, 126.7, 122.6, 122.0, 118.8 (q, J = 318 Hz), 116.8, 115.0, 89.9, 83.8, 63.3, 41.9, 28.7, 23.7, 22.6, 20.9, 13.4; 8, 155.2, 149.2, 146.7, 146.1, 134.2, 130.2, 129.9, 125.9, 120.0, 118.8 (q, J = 318 Hz), 103.3, 63.4, 32.0, 30.1, 24.7, 20.3, 15.8; 0, 132.0, 128.5, 128.4, 122.8, 84.7, 83.5, 82.7, 74.3, 69.5, 40.0, 28.6, 28.2, 17.8; 3 mmol, 5 equiv) and 1.7 mL dichloromethane were added and the resulting orange solution was cooled at 0 °C while triflic anhydride (0.10 mL, 0.58 mmol, 2.3 equiv) was added dropwise by syringe over ca. 5 min. The reaction mixture was allowed to warm to rt and stirred for 1 h. The resulting red slurry of white solid was cooled to 0 °C and trifluoroacetic acid (0.75 mL, 10 mmol, 40 equiv) was added dropwise over 10 min. The resulting red-brown solution was allowed to warm to rt and stirred for 1 h. 3, 146.5, 143.8, 131.9, 128.4, 128.4, 123.0, 118.7 (q, J = 318 Hz), 116.5, 111.4, 110.4, 85.9, 83.6, 35.9, 34.6, 33.5, 26.4, 24.9, 22.5, 14 1420, 1217, 1141 cm -1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 9.27 (s, 2H), 7.49-7.54 (m, 6H), 7.20-7.24 (m, 6H 1, 151.7, 148.3, 147.1, 144.7, 141.4, 132.0, 128.9, 128.8, 128.7, 127.5, 122.6, 118.8 (d, J = 318 Hz), 102.0, 35.9, 34.3, 30.5, 26.0, 22.6, 13.9 7, 147.7, 146.6, 146.4, 141.3, 139.7, 136.6, 132.3, 131.8, 129.1, 128.4, 128.2, 125.7, 122.0, 116.8 (2C, q , J = 318 Hz), 35.5, 35.3, 34.3, 31.9, 30.4, 29.9, 26.2, 22.9, 22.6, 14.3, 13.9; 9, 148.3, 147.0, 145.7, 141.9, 139.5, 139.3, 135.2, 132.3, 130.2, 129.0, 127.9, 127.9, 125.4, 122.8, 122.4, 118.8 (d, J = 318 Hz), 115.6, 113.2, 55.3 35.7, 34.3, 31.9, 30.4, 29.9, 26.2, 22.9, 22.6, 14.3, 13.9; 9, 150.0, 147.6, 145.3, 143.4, 140.1, 139.9, 138.9, 134.5, 132.1, 131.8, 130.3, 128.9, 128.6, 128.5, 127.8, 127.6, 125.7, 123.7, 122.8, 122.6, 115.6, 113.1, 94.5, 89.2, 55.3 35.6, 34.7, 32.2, 31.1, 30.7, 30.2, 23.0, 22.7, 14.4, 14 7.59-7.63 (m, 2H), 7.38-7.44 (m, 3H), 3.37-3.31 (m, 2H), 3.04 
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